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PURPOSE- To provide an active layer of good quality and the interface of good quality, 
between the active layer and an evaporation preventive layer by a method wherein in 
the production process of a compound semiconductor light- emitting element, isolation 
of In is inhibited to the utmost and a crystal growth, which is superior .n controllability, 

is made possible. , . ^ 

CONSTITUTION: An In-containing active layer 5 is formed and thereatter, an 
evaporation preventive layer 6 is formed at a temperature of a degree that isolation of 
In is not generated. As the layer 6, a P-type AlxGa1-xN (0<x<1) layer or the like is 
used Even if a substrate temperature is raised to 1020 C or thereabouts for forming 
an upper clad layer 7, the isolation of the In is never generated from the layer 5 by the 
existence of the layer 6. Thereby, it is facilitated to control the composition ratio of the 
In and the active layer of good quality and the interface of good quality between the 
layer 5 and the layer 6 can be provided. 





- -a 

.—7 
4 

to 















LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiners 

decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 
[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



27.10.2000 
28.01.2003 



3728332 
07.10.2005 
2003-03029 
26.02.2003 



JP-08-293643 1/14 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The compound semiconductor light emitting device containing a 
substrate, the lower cladding layer formed on said substrate, the barrier layer 
containing In formed on said lower cladding layer, the antiflashing layer formed 
on said barrier layer, and the up cladding layer formed on said antiflashing layer. 
[Claim 2] The compound semiconductor light emitting device according to claim 
1 further equipped with the buffer layer formed between said substrate and said 
lower cladding layer. 

[Claim 3] The compound semiconductor light emitting device according to claim 
1 or 2 further equipped with the cap layer formed on said up cladding layer. 
[Claim 4] Said barrier layer is a compound semiconductor light emitting device 
given in either of claims 1-3 which is constituted by AIX GaY InZ N (X+Y+Z=1 
and 0<=X-Y<=1, 0< Z<=1). 

[Claim 5] Said antiflashing layer is a compound semiconductor light emitting 
device given in either of claims 1-4 which is constituted by AIX Ga1-X N 
(0<=X<=1). 

[Claim 6] The 1st step which forms a lower cladding layer, and the 2nd step 
which forms the barrier layer constituted from the 1st temperature by AIX GaY 
InZ N (X+Y+Z=1 and 0 <=X-Y<=1, 0< Z<=1) on said lower cladding layer, The 
manufacture approach of the compound semiconductor light emitting device 
equipped with the 3rd step which forms the antiflashing layer constituted by AIX 
Ga1-X N (0<=X<=1) on said barrier layer at the 2nd temperature below said 1st 
temperature. 

[Claim 7] The 1st step which forms a lower cladding layer, and the 2nd step 
which forms the barrier layer constituted from the 1st temperature by AIX GaY 
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InZ N (X+Y+Z=1 and 0 <=X-Y<=1, 0< Z<=1) on said lower cladding layer, At the 
3rd temperature beyond the 3rd step which forms the antiflashing layer 
constituted by AIX Ga1-X N (0<=X<=1) on said barrier layer at the 2nd 
temperature beyond said 1st temperature, and said 2nd temperature The 
manufacture approach of the compound semiconductor light emitting device 
equipped with the 4th step which forms an up cladding layer on said antiflashing 
layer. 

[Claim 8] The 1st step which forms a lower cladding layer, and the 2nd step 
which forms the barrier layer constituted from the 1st temperature by AIX GaY 
InZ N (X+Y+Z=1 and 0 <=X-Y<=1, 0< Z<=1) on said lower cladding layer, The 
manufacture approach of the compound semiconductor light emitting device 
equipped with the 3rd step which forms the antiflashing layer constituted by AIX 
Ga1-X N (0<=X<=1) on said barrier layer at the almost same temperature as 
said 1st temperature. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This Invention relates to the semiconductor laser diode 
and light emitting diode which can emit light in a blue field especially about a 
compound semiconductor light emitting device and its manufacture approach. 
[0002] 

[Description of the Prior Art] Drawing 17 is drawing showing the type section of 
the AIGaN/lnGaN/AIGaN system compound semiconductor light emitting device 
(semiconductor laser, light emitting diode) which can emit light in the 
conventional blue field. 

[0003] Drawing is referred to. A semi-conductor light emitting device The 
sapphire (0001) substrate 1 , GaN by which the laminating was carried out to 
order on the sapphire (0001) substrate 1 Or the AIN buffer layer 2, the n mold 
GaN layer 3, and the n mold AIZ By the Ga1-Z N (0<=Z<=1) lower cladding layer 
4, the non dope or the Zn dope InY Ga1-Y N (0<=Y<=1) barrier layer (or called a 
luminous layer) 5, the p mold AIZ Ga1-Z N (0<=Z<=1) up cladding layer 7, and 
the p mold GaN cap layer 8 It is constituted. Moreover, n mold electrode 10 is 
formed in the n mold GaN layer 3, and p mold electrode 9 is formed in the p mold 
GaN cap layer 8. 

[0004] Generally such a compound semiconductor light emitting device is 
manufactured through the following processes by metal-organic chemical vapor 
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deposition (henceforth the "MOCVD method"). 

[0005] (1) Perform surface treatment of silicon on sapphire 1 at the temperature 
of about 1050 degrees C. 

(2) Lower substrate temperature to about 510 degrees C, and grow up GaN or 
the AIN buffer layer 2 of a thin layer. 

[0006] (3) Raise substrate temperature to 1020 degrees C, and grow up the n 
mold GaN layer 3. 

(4) Grow up the n mold AIGaN lower cladding layer 4 at this temperature. 
[0007] (5) Lower substrate temperature to about 800 degrees C, and grow up 
the non dope InGaN system barrier layer (or Zn dope luminous layer) 5 into the 
thickness of about 100-500A. 

[0008] (6) Raise substrate temperature to about 1020 degrees C, and grow up 
the p mold AIGaN up cladding layer 7. 

[0009] (7) Grow up the p mold GaN cap layer 8 at this temperature. 
(8) Form p mold electrode 9 and n mold electrode 10 after etching. 
[001.0] Since the vapor pressure of In is comparatively high, in the process 
stated above, temperature when growing up the barrier layer 5 containing In is 
made into about 800 degrees C, because desired In ratio cannot be obtained at 
the growth temperature of 1000 degrees C or more. Moreover, if an AIGaN 
cladding layer is not grown up at the temperature of 1000 degrees C or more, 
growth temperature of an AIGaN cladding layer will be made into 1020 degrees 
C because it cannot consider as the film of good crystal quality. 
[001 1] Therefore, a light emitting device will follow the growth temperature profile 
shown at drawing 16 between process (4) - (6) mentioned above. An axis of 
abscissa shows the growth direction of a semi-conductor among drawing 16 , 
and an axis of ordinate shows growth temperature. 
[0012] 

[Problem(s) to be Solved by the Invention] However, in order to grow up the p 
mold AIGaN up cladding layer 7, when substrate temperature was raised to 
about 1020 degrees C, there was a trouble that isolation of In arose from the 
barrier layer (luminous layer) 5 containing In made from the process before that 
in the manufacture approach of the conventional compound semiconductor 
mentioned above. It was connected with the result that cause aggravation of the 
interface of a barrier layer 5 and the up cladding layer 7, or it becomes difficult to 
control the thickness of a barrier layer 5 and the mixed-crystal ratio of In that 
isolation of In arises. 
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[0013] It aims at offering the compound semiconductor light emitting device 
which has the interface of the barrier layer which this invention makes possible 
crystal growth which was made in order to solve the above-mentioned trouble, 
suppressed isolation of In as much as possible in the production process of a 
compound semiconductor light emitting device, and was excellent in the 
controllability, and contains good In, and a good barrier layer. 
[0014] 

[Means for Solving the Problem] A compound semiconductor light emitting 
device according to claim 1 contains a substrate, the lower cladding layer formed 
on the substrate, the barrier layer containing In formed on the lower cladding 
layer, the antiflashing layer formed on the barrier layer, and the up cladding layer 
formed on the antiflashing layer. 

[0015] A compound semiconductor light emitting device according to claim 2 is a 
compound semiconductor light emitting device according to claim 1 , and is 
further equipped with the buffer layer formed between the substrate and the 
lower cladding layer. 

[0016] A compound semiconductor light emitting device according to claim 3 is a 

compound semiconductor light emitting device according to claim 1 or 2, and is 

further equipped with the cap layer formed on the up cladding layer. 

[0017] A compound semiconductor light emitting device according to claim 4 is a 

compound semiconductor light emitting device given in either of claims 1-3, and 

a barrier layer is constituted by AIX GaY InZ N (X+Y+Z=1 and 0 <=X and Y<=1, 

0<Z<=1). 

[0018] A compound semiconductor light emitting device according to claim 5 is a 
compound semiconductor light emitting device given in either of claims 1-4, and 
an antiflashing layer is constituted by AIX Ga1-X N (0<=X<=1). 
[0019] The manufacture approach of a compound semiconductor light emitting 
device according to claim 6 The 1st step which forms a lower cladding layer, and 
the 2nd step which forms the barrier layer constituted from the 1st temperature 
by AIX GaY InZ N (X+Y+Z=1 and 0 <=X-Y<=1, 0< Z<=1) on a lower cladding 
layer, It has the 3rd step which forms the antiflashing layer constituted from the 
2nd temperature below the 1st temperature by AIX Ga1-X N (0<=X<=1) on a 
barrier layer. 

[0020] The manufacture approach of a compound semiconductor light emitting 
device according to claim 7 The 1st step which forms a lower cladding layer, and 
the 2nd step which forms the barrier layer constituted from the 1st temperature 
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by AIX GaY InZ N (X+Y+Z=1 and 0 <=X-Y<=1 , 0< Z<=1) on a lower cladding 
layer, It has the 3rd step which forms the antiflashing layer constituted by 
AIXGa1-X N (0<=X<=1) on a barrier layer at the 2nd temperature beyond the 1st 
temperature, and the 4th step which forms an up cladding layer on an 
antiflashing layer at the 3rd temperature beyond the 2nd temperature. 
[0021] The manufacture approach of a compound semiconductor light emitting 
device according to claim 8 The 1st step which forms a lower cladding layer, and 
the 2nd step which forms the barrier layer constituted from the 1st temperature 
by AIX GaY InZ N (X+Y+Z=1 and 0 <=X-Y<=1 , 0< Z<=1) on said lower cladding 
layer, It has the 3rd step which forms the antiflashing layer constituted by AIX 
Ga1-X N (0<=X<=1) on said barrier layer at the almost same temperature as 
said 1st temperature. 
[0022] 

[Function] A compound semiconductor light emitting device given in either of 
claims 1-5 is equipped with an antiflashing layer on a barrier layer. By existence 
of this antiflashing layer, isolation of In in the barrier layer conventionally 
produced during manufacture of a compound semiconductor light emitting 
device is prevented. 

[0023] By the manufacture approach of a compound semiconductor light 
emitting device according to claim 6, a lower cladding layer is formed of the 1st 
step. Of the 2nd step, the barrier layer constituted by AIX GaY InZ N (X+Y+Z=1 
and 0 <=X-Y<=1, 0< Z<=1) is formed on a lower cladding layer at the 1st 
temperature. In the 3rd step, the antiflashing layer constituted from the 2nd 
temperature below the 1st temperature by AIX Ga1-X N (0<=X<=1) on a barrier 
layer is formed. 

[0024] By the manufacture approach of a compound semiconductor light 
emitting device according to claim 7, a lower cladding layer is formed in the 1st 
step. In the 2nd step, the barrier layer constituted by AIX GaY InZ N (X+Y+Z=1 
and 0 <=X-Y<=1, 0< Z<=1) is formed on a lower cladding layer. In the 3rd step, 
the antiflashing layer constituted from the 2nd temperature beyond the 1st 
temperature by AIX Ga1-X N (0<=X<=1) on a barrier layer is formed. In the 4th 
step, an up cladding layer is formed on an antiflashing layer at the 3rd 
temperature beyond the 2nd temperature. 

[0025] By the manufacture approach of a compound semiconductor light 
emitting device according to claim 8, a lower cladding layer is formed in the 1st 
step. The barrier layer constituted from the 1st temperature by AIX GaY InZ N 
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(X+Y+Z=1 and 0 <=X-Y<=1 , 0< Z<=1) on a lower cladding layer in the 2nd step 
is formed. In the 3rd step, the antif lashing layer constituted from almost same 
temperature as the 1st temperature by AIX Ga1-X N (0<=X<=1) on a barrier 
layer is formed. 
[0026] 

[Example] The example of this invention is explained in order below. In addition, 
this example does not limit growth conditions, the class of organometallic 
compound gas, the material of construction, etc. to the following. This example 
can add various modification within the limits of an application for patent. 
[0027] (The 1st example) in the 1st example, the c-th page (0001) of sapphire 
uses as a substrate -- having - MOCVD - growth of each layer is performed by 
law. Moreover, trimethylgallium (TMG), tnmethylaluminum (TMA), and 
trimethylindium (TMI) are used as a source of III group gas, ammonia (NH3) is 
used as a source of V group gas, a mono silane (SiH4) is used as a source of n 
mold dopant, bis(cyclopentadienyl) magnesium (Cp2 Mg) is respectively used as 
a source of p mold dopant, and it is H2 as carrier gas. It is used. 
[0028] Drawing 1 is the type section Fig. of the semiconductor laser diode in the 
1st example of this invention. 

[0029] With reference to drawing, the semiconductor laser diode in this example 
Were formed in order on silicon on sapphire 1 and the c-th page (0001) 
substrate 1 of sapphire. GaN Or the AIN buffer layer 2, the n mold GaN layer 3, 
and the n mold aluminum 0.1 The Ga0.9 N lower cladding layer 4, a non dope Or 
it is constituted by the Si dope In0.2 Ga0.8 N barrier layer (or it is also called a 
luminous layer) 5, the thin layer p mold aluminumO.05GaO.95N antiflashing layer 
6, the p mold aluminumO.1 Ga0.9 N up cladding layer 7, and the p mold GaN cap 
layer 8. Moreover, n mold electrode 10 is formed in the n mold GaN layer 3, and 
p mold electrode 9 is formed in the p mold GaN cap layer 8. 
[0030] The point that the laminating condition of this semi-conductor differs from 
the laminating condition of the conventional semi-conductor shown in drawing 17 
is a point that the antiflashing layer 6 is formed between the barrier layer 5 and 
the up cladding layer 7. 

[0031] And the semiconductor laser shown in drawing 1 is formed of the process 
shown below. 

(1) Introduce silicon on sapphire 1 in an MOCVD system, and it is a substrate H2 
It heats at the substrate temperature of about 1050 degrees C in inside, and 
surface treatment of a substrate is performed. 
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[0032] (2) Lower substrate temperature to about 500 degrees C, and grow up 
GaN or the AIN buffer layer 2. At this time, if the thickness of a buffer layer 2 is 
GaN and it is 250A and AIN, it is 500A. 

[0033] (3) Raise substrate temperature to about 1020 degrees C, and grow up 
the n mold GaN layer 3 into the thickness of about 4 micrometers. The laminated 
structure shown in drawing 3 at this time is formed. 

[0034] (4) Grow up the n mold aluminumO.1 Ga0.9 N lower cladding layer 4 into 
the thickness of about 1 micrometer at the same substrate temperature. The 
laminating condition of the substrate at this time is shown in drawing 4 . 
[0035] (5) Lower substrate temperature to about 800 degrees C, and grow up a 
non dope (non-doped) or an Si dope In0.2 Ga0.8 N barrier layer (or luminous 
layer) by about 200A thickness. The laminating condition of the substrate at this 
time is shown in drawing 5 . 

[0036] (6) Lower substrate temperature to a non dope or below Si dope In0.2 
Ga0.8 N barrier layer (or luminous layer) growth temperature, and grow up the 
thin layer p mold aluminumO.05GaO.95N antiflashing layer 6 at the growth 
temperature of about 500-800 degrees C. The laminating condition of the 
substrate at this time is shown in drawing 6 . 

[0037] (7) Raise substrate temperature to about 1020 degrees C, and grow up 
the p mold aluminumO.1 Ga0.9 N up cladding layer 7 by about 1 -micrometer 
thickness. 

[0038] (8) Next, grow up the p mold electrode GaN cap layer 8 into the thickness 
of about 1 micrometer at this temperature. The laminating condition of the 
substrate at this time is shown in drawing 7 . 

[0039] The thin layer p mold aluminumO.05GaO.95N antiflashing layer 6 serves 
as good-quality film, while raising substrate temperature to about 1020 degrees 
C. 

[0040] To the wafer manufactured as mentioned above, it sets at the 
temperature of about 700 degrees C, and is N2. Heat annealing is performed in 
inside. The thin layer p mold aluminumO.05GaO.95N antiflashing layer 6 and the 
p mold aluminumO.1 Ga0.9 N up cladding layer 7 are reached, and the p mold 
AIN cap layer 8 changes with heat annealing to a high concentration p type layer. 
[0041] Next, in order to perform electrode attachment, p mold electrode 9 and n 
mold electrode 10 are formed, respectively after that which is etched until the n 
mold GaN layer 3 exposes some wafers. The AIGaN/lnGaN/AIGaN system 
semiconductor laser diode shown in drawing 1 through the above process is 
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manufactured. 

[0042] Drawing 2 is drawing showing a crystal growth temperature profile while 
forming from the lower cladding layer 4 of the semiconductor laser diode of 
drawing 1 to the up cladding layer 7. 

[0043] Thus, in the compound semiconductor light emitting device in this 
example, the antiflashing layer 6 is formed at the temperature below the growth 
temperature of a barrier layer 5 after formation of a barrier layer 5, and the up 
cladding layer 7 is formed at the substrate temperature of about 1020 degrees C 
after that. Therefore, the crystal growth of isolation of In contained in a barrier 
layer 5 arising which was prevented, and became possible [ offering the 
compound semiconductor light emitting device which has the interface of the 
barrier layer which contains good In by this, and a good barrier layer ], and was 
excellent in the controllability in the production process becomes possible. 
[0044] Drawing 8 is the type section Fig. of the light emitting diode which is the 
modification of this example. Unlike the semiconductor laser diode with which 
light emitting diode is shown in drawing 1 , with reference to drawing 8 , p mold 
electrode 9 is formed small. This is for making the light emitted by the barrier 
layer 5 output also up through the up cladding layer 7 and the cap layer 8. 
[0045] (The 2nd example) Drawing 9 is drawing showing the growth temperature 
profile from the lower cladding layer of the compound semiconductor light 
emitting device in the 2nd example of this invention to an up cladding layer. 
[0046] Since the laminated structure of the compound semiconductor light 
emitting device in this example is the same as that of the 1st example shown in 
drawing 1 and drawing 8 , explanation here is not repeated. It is characterized by 
the compound semiconductor light emitting device in the 2nd example forming 
an antiflashing layer at the substrate temperature below the growth temperature 
of beyond the growth temperature of the barrier layer containing In, and an up 
cladding layer. 

[0047] The MOCVD method is used for crystal growth in the 2nd example, and 
the c-th page (0001) of sapphire is used as a substrate. Moreover, 
trimethylgallium (TMG), trimethylaluminum (TMA), and trimethylindium (TMI) are 
used as a source of III group gas, and ammonia (NH3) is used as a source of V 
group gas. Moreover, for a mono silane (SiH4), bis(cyclopentadienyl) 
magnesium (Cp2 Mg) is H2 as carrier gas as a source of p mold dopant as a 
source of n mold dopant. It is used. The production process is explained below. 
[0048] (1) Introduce silicon on sapphire in an MOCVD system, and it is a 
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substrate H2 It heats at the substrate temperature of about 1050 degrees C in 
inside, and surface treatment of a substrate is performed. 
[0049] (2) Lower substrate temperature to about 500 degrees C, and form GaN 
or an AIN buffer layer. If the thickness of the buffer layer at this time is GaN and it 
is 250A and AIN, it is 500A. 

[0050] (3) Raise substrate temperature to about 1020 degrees C, and grow up 
about 4 micrometers of n mold GaN layers. 

[0051] (4) Grow up about 1 micrometer of n mold aluminumO.1 Ga0.9 N lower 
cladding layers 4 at the same substrate temperature. 

[0052] (5) Lower substrate temperature to about 800 degrees C, and grow up a 
non dope or an Si dope ln0.2Ga0.8 N barrier layer (or it is also called a 
"luminous layer".) by about 200A thickness. 

[0053] (6) Grow up a thin layer p mold aluminumO.05GaO.95N antiflashing layer 
at about 900 degrees C which is below the growth temperature of beyond the 
growth temperature of a non dope or an Si dope In0.2 Ga0.8 N barrier layer, and 
a p mold aluminumO.1 Ga0.9 N up cladding layer about substrate temperature. 
[0054] (7) Raise substrate temperature to about 1020 degrees C, and grow up 
about 1 micrometer of p mold aluminumO.1 Ga0.9 N up cladding layers. 
[0055] (8) Grow up about 1 micrometer of p mold electrode GaN cap layers. A 
thin layer p mold aluminumO.05GaO.95N antiflashing layer serves as 
good-quality film, while raising substrate temperature to about 1020 degrees C. 
[0056] Formation of the back electrode with which heat annealing and etching 
were performed is performed to an after [ crystal growth ] wafer. Since these 
processes are the same as the 1st example, they do not repeat explanation here. 
[0057] As stated above, in order to form an antiflashing layer after formation of 
the barrier layer which contains In in this example below at the growth 
temperature of beyond the growth temperature of a barrier layer, and an up 
cladding layer, isolation of In can be prevented and the crystal growth excellent 
in the controllability becomes possible, and it becomes possible to offer the 
interface of the barrier layer containing good In, and a barrier layer. 
[0058] (The 3rd example) Since the laminating condition of the compound 
semiconductor light emitting device manufactured in the 3rd example is the 
same as the laminating condition of the compound semiconductor light emitting 
device in the 1st example shown in drawing 1 and drawing 8 , it does not repeat 
explanation here. 

[0059] Drawing 10 is drawing showing the temperature profile between formation 
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of a lower cladding layer to the up cladding layer of the compound 
semiconductor light emitting device in the 3rd example of this invention. 
[0060] The production process of the compound semiconductor light emitting 
device in this example is characterized by making growth temperature of an 
antiflashing layer almost the same as the growth temperature of the barrier layer 
containing In. 

[0061] The MOCVD method is used for the manufacture approach of a 
compound semiconductor light emitting device in this example. The c-th page 
(0001) of sapphire is used as a substrate. As a source of III group gas Moreover, 
trimethylgallium (TMG), Trimethylaluminum (TMA) and trimethylindium (TMI) are 
used. Ammonia (NH3) is used as a source of V group gas, and, for a mono 
silane (SiH4), bis(cyclopentadienyl) magnesium (Cp2 Mg) is H2 as carrier gas as 
a source of p mold dopant as a source of n mold dopant. It is used. The 
production process is explained below. 

[0062] (1) Introduce silicon on sapphire in an MOCVD system, and it is a 
substrate H2 It heats at the substrate temperature of about 1050 degrees C in 
inside, and surface treatment of a substrate is performed. 
[0063] (2) Lower substrate temperature to about 500 degrees C, and grow up 
GaN or an AIN buffer layer. If the thickness of the buffer layer at this time is GaN 
and it is 250A and AIN, it is 500A. 

[0064] (3) Raise substrate temperature to about 1020 degrees C, and grow up 
about 4 micrometers of n mold GaN layers. 

[0065] (4) Grow up about 1 micrometer of n mold aluminumO.1 Ga0.9 N lower 
cladding layers at the same substrate temperature. 

[0066] (5) Lower substrate temperature to about 800 degrees C, and grow up a 
non dope or an Si dope ln0.2Ga0.8 N barrier layer by about 200A thickness. 
[0067] (6) Grow up a thin layer p mold aluminum0.05Ga0.95N antiflashing layer 
at the almost same growth temperature as the growth temperature of a non dope 
or an Si dope In0.2 Ga0.8 N barrier layer. 

[0068] (7) Raise substrate temperature to about 1020 degrees C, and grow up 

about 1 micrometer of p mold aluminumO.1 Ga0.9 N up cladding layers. 

[0069] (8) Grow up about 1 micrometer of p mold GaN cap layers. A thin layer p 

mold aluminumO.05GaO.95N antiflashing layer serves as good-quality film, while 

raising substrate temperature to about 1020 degrees C. 

[0070] Moreover, let the manufactured wafers be components, such as 

semiconductor laser and light emitting diode, through the process of heat 
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annealing, etching, and electrode formation. With the 1st example, since these 
processes are substantially the same, they do not repeat explanation here. 
[0071] (The 4th example) Drawing 1 1 is the type section Fig. of the compound 
semiconductor light emitting device in the 4th example of this invention. 
[0072] n mold electrode 10 with which the laminating of the compound 
semiconductor light emitting device in this example was carried out with 
reference to drawing, the n mold GaAs substrate 1 1 , the n mold GaAs buffer 
layer 12, and n mold aluminum 0.8 It is constituted by the Ga0.2 As lower 
cladding layer 13, a barrier layer 20, the p mold (Mg dope) aluminum0.8 Ga0.2 
As up cladding layer 17, an insulating layer 18, the p mold GaAs cap layer 19, 
and p mold electrode 9. Moreover, a barrier layer 20 is constituted by the 
compound semiconductor by which the laminating was carried out to the order of 
the non dope GaAs layer 14, the non dope lnO.15GaO.85As strain quantum well 
barrier layer 15, and the non dope GaAs antiflashing layer 16 from the bottom to 
the drawing. 

[0073] The energy level near the barrier layer is shown in drawing 12 . Moreover, 
ridge guided wave structure with a width of face of 3 micrometers is formed in 
the compound semiconductor light emitting device in this example of 
photolithography and wet etching. 

[0074] the compound semiconductor light emitting device in this example — 
MOCVD - it is formed of law. In this example, GaAs is used as a substrate, 
trimethylgallium (TMG), trimethylaluminum (TMA), and trimethylindium (TMI) are 
used as a source of III group gas, an arsine (AsH3) is used as a source of V 
group gas, and, for Se, Mg and Zn are H2 as carrier gas as a source of p mold 
dopant as a source of n mold dopant. It is used. And the compound 
semiconductor light emitting device in this example is manufactured according to 
the following processes. 

[0075] (1) Introduce the n mold (100) GaAs substrate 11 in an MOCVD system, 
raise substrate temperature to about 800 degrees C, and grow up the GaAs 
buffer layer 12. The thickness of a GaAs buffer layer is 0.5 micrometers. 
[0076] (2) Grow up the n mold aluminum0.8 Ga0.2 As lower cladding layer 13 
into about 1 .4 micrometers of thickness at this temperature. 
[0077] (3) Grow up about 100A of non dope mold GaAs layers 14. 
(4) Lower substrate temperature to about 630 degrees C, and grow up the non 
dope lnO.15GaO.85As strain quantum well barrier layer 15 by about 11 OA 
thickness. 



JP-08-293643 12/14 

[0078] (5) Grow up the non dope mold GaAs antiflashing layer 16 by about 100A 
thickness. In addition, temperature of the substrate in growth of an antiflashing 
layer can be carried out by any growth temperature profile shown in drawing 15 
from drawing 13 . That is, in drawing 13 , an antiflashing layer is formed at about 
550 degrees C lower than 630 degrees C which is the growth temperature of a 
strain quantum well barrier layer. Moreover, in drawing 14 , an antiflashing layer 
can be grown up at about 700 degrees C which is the temperature of about 800 
degrees C or less which is the growth temperature of about 630 degrees C or 
more which is the growth temperature of a strain quantum well barrier layer, and 
an up cladding layer. Moreover, as for an antiflashing layer, in drawing 15 , it is 
possible to make it grow up at about 630 degrees C which is the almost same 
temperature as the growth temperature of a strain quantum well barrier layer. 
[0079] (6) Grow up the p mold (Mg dope) aluminum0.8 Ga0.2 As up cladding 
layer 17 by about 1 .4-micrometer thickness. 

[0080] (7) Grow up the p mold (Zn dope) GaAs cap layer 19 by about 
1 -micrometer thickness. 

[0081] To the wafer which passed through the above process, the 
photolithography which is a Prior art, and the technique of wet etching are used, 
and ridge guided wave structure with a width of face of 3 micrometers shown in 
drawing 1 1 is formed, p mold and n mold electrode are formed in the wafer in 
which ridge guided wave structure was formed, and component-ization is 
performed. 

[0082] (The 5th example) Since the laminating condition of the compound 
semiconductor light emitting device formed in the 5th example is the same as 
that of the laminated structure of the compound semiconductor light emitting 
device in the 1st example shown in drawing 1 and drawing 8 , it does not repeat 
explanation here. The place by which it is characterized [ the ] in the 5th example 
is a point using aluminum0.4 Ga0.6 N as matter which forms an antiflashing 
layer. A difference with the clear chemical composition of the matter between an 
antiflashing layer and an up cladding layer can be attached by this, and, thereby, 
verification of the antiflashing layer after component manufacture becomes easy. 
[0083] The MOCVD method is used for manufacture of the compound 
semiconductor light emitting device in this example, and the c-th page (0001) of 
sapphire is used as a substrate. Moreover, trimethylgallium (TMG), 
trimethylaluminum (TMA), and trimethylindium (TMI) are used as a source of III 
group gas, and ammonia (NH3) is used as a source of V group gas. Moreover, 
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for a mono silane (SiH4), bis(cyclopentadienyl) magnesium (Cp2 Mg) is H2 as 
carrier gas as a source of p mold dopant as a source of n mold dopant. It is used. 
[0084] And the compound semiconductor light emitting device in this example is 
formed through the following processes. 

[0085] (1) Introduce silicon on sapphire in an MOCVD system, and it is substrate 
temperature H2 It heats at the substrate temperature of about 1050 degrees C in 
inside, and surface treatment of a substrate is performed. 
[0086] (2) Lower substrate temperature to about 500 degrees C, and grow up 
GaN or an AIN buffer layer. At this time, if the thickness of a buffer layer is GaN 
and it is 250A and AIN, it is 500A. 

[0087] (3) Raise substrate temperature to about 1020 degrees C, and grow up 

an n mold GaN layer about 4 micrometers of thickness. 

[0088] (4) Grow up an n mold aluminumO.1 Ga0.9 N lower cladding layer by 

about 1 micrometer of thickness at the same substrate temperature. 

[0089] (5) Lower substrate temperature to about 800 degrees C, and grow up a 

non dope or an Si dope ln0.2Ga0.8 N barrier layer (or it is also called a luminous 

layer.) by about 200A of thickness. 

[0090] (6) Grow up a thin layer p mold aluminum0.4 Ga0.6 N antiflashing layer. 
In addition, the substrate temperature at this time is selectable from about 600 to 
about 900 degrees C to arbitration. For example, about 600 degrees C, about 
800 degrees C, about 900 etc. degrees C, etc. can be chosen. 
[0091] (7) Raise substrate temperature to about 1020 degrees C, and grow up a 
p mold aluminumO.1 Ga0.9 N up cladding layer into the thickness of about 1 
micrometer of thickness. 

[0092] (8) Grow up a p mold GaN cap layer into the thickness of about 1 
micrometer of thickness. A thin layer p mold aluminum0.4 Ga0.6 N antiflashing 
layer serves as good-quality film, while raising substrate temperature to about 
1020 degrees C. 

[0093] In the wafer in which layer structure was formed, it is N2 at about 700 
degrees C. Heat annealing is performed in inside. A thin layer p mold 
aluminum0.4 Ga0.6 N antiflashing layer, a p mold aluminumO.1 Ga0.9 N up 
cladding layer, and a p mold GaN cap layer change with heat annealing to a high 
concentration p type layer. 

[0094] Next, in order to form the electrode of n mold, etching is performed and p 
mold and n mold electrode are formed on the etched wafer, respectively until an 
n mold GaN layer is exposed. 
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[0095] in addition, under explanation of an example - crystal growth - MOCVD 
- although law is used - as the growth approach - MBE - law (molecular beam 
epitaxy) etc. can be used. Moreover, modification of the material of construction, 
growth conditions, etc. can be added within the limits of an application for patent. 
[0096] although the c-th page (0001) of sapphire is furthermore used as a 
substrate in the 1st to the 3rd and the 5th example - as a substrate - SiC, MgO, 
ZnO, or MgAI 204 etc. - it can use. 

[0097] The matter furthermore used as a buffer layer can use matter, such as 
chemical formula AIX Ga1-X N (0< X<1). 

[0098] Furthermore, as long as a barrier layer is matter constituted with a 
chemical formula AIX GaY InZ N (X+Y+Z=1 and 0 <=X-Y<=1 , 0< Z<=1), it may 
use anything. 

[0099] It is possible to use the matter furthermore constituted by n mold AIZ 
Ga1-Z N (0<=Z<=1) as a lower cladding layer, and the matter constituted by p 
mold AIZ Ga1-Z N (0<=Z<=1) as an up cladding layer can be used. 
[0100] The matter constituted by non dope AIX Gn1-X As (0<=X<=1) as matter 
which furthermore constitutes the non dope mold GaAs layer 14 in the 4th 
example can be used, and it is possible to use non dope Iny Ga1-y As (0< y<=1) 
as matter which constitutes a non dope ln0.15Ga0.85As strain quantum well 
barrier layer. The matter furthermore constituted by p mold AIX Ga1-X As 
(0<=X<=1) as an antiflashing layer in the 4th example can be used. 
[0101] 

[Effect of the Invention] In order to have an antiflashing layer according to the 
compound semiconductor light emitting device given in either of claims 1-5, 
isolation of In can be suppressed as much as possible, crystal growth excellent 
in the controllability is made possible, and it becomes possible to offer a 
compound semiconductor light emitting device including the interface of the 
barrier layer (luminous layer) containing good In, and a barrier layer. 
[0102] Since isolation of In contained in a barrier layer can be suppressed as 
much as possible according to the manufacture approach of a compound 
semiconductor light emitting device given in either of claims 6-8, crystal growth 
excellent in the controllability is made possible, and it becomes possible to offer 
the interface of the barrier layer containing good In, and a barrier layer. 
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&tt«5 0 0At*S„ 

[0 0 5 0 ] (3) S««Bt«:jftl 0 2 0X;*r±lf 
r, nSGaNMft4/im?iSag$t^ 30 

[ 0 0 5 1 ] (4) (ilCSMStnSAl^ Ga 
... NTSP^^ v K14%^1 umf&&2l±2> a 

[0 0 5 2 ] (5) HRlBttrftSOOTCW. ^ 
>F-^*fcttS i F-^I n 0 . 2 Ga 0 .. Nr£&8 

<*fc» r^aj ttc^. ) £#j20 oaowtc 

[ 0 0 5 3 ] (6) «R«J»*-/>F-^*fcttS i 
F-^ln,., Ga 0 . 8 Nr§tt®^fiS;SSSW±^o p 
SAlo., Ga 0 . s N±SB^5 ^ F»CD«ESaa«T-C 

ft9 0 0 B C{Ct»lpSAl D . as Ga,. f5 NI8 40 

[0 0 5 4] (7) S*»K£ttl 0 2 0 fl C3!rl 
W\ pfiAl,,, Ga, s N±»*5» Fl^Um - 

[0 0 5 5 ] (8) pgtiGaN*t^S$fil 
umf&g£#£ 0 ^Hp52A 1 B .„ 5 Ga 0 . 55 N»ih 

[0056] mikOf&mkv*'^atM i T~~v 
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*i6©xg«:JS 1 ©HJfiffiiiEl— r*s<Dr c croitt 

[0 0 5 7 ] fcLBcaS^fc «fc 5 CC*3lifeeir « I n 

? FJi©afi»K«Tr»K»i»±««:jgj5srifca>. i 

[0 0 5 8 ] (»3-<DliifSffi|) ^30|SteW|tC*jli-C«( 
H 8 ICS* 3 ti & m 1 ©HJfctWCc *j S ^b^Bj*«f*«* 

[ 0 0 5 9 ] B 1 0 tt*!6W©*3(D3l*fcWI&C*5W4^b 
[0 06 0] *^«CCte»4<b^^a»*«3tJR-?<D 

[0061] ^mmm^^xii^^mwrnm^ 
rit^T^r (000 1) cwsc^ti, 1 1 \ma 

XiiirFyy^Jl/^'J^A (TMG) % hU^^;l/ 
TJl/S-^A (TMA) fecfcO'h ';^5FJW 
(TMI) iim^htl, VmtfXMt LT7>^7 
(NH 3 ) WBO&tl. n^F-AyhiitT^yy 
^>(SiH« ) pSF-;0 haRi lth»^ 
P^y^^jl/vny^A (Cp, Mg)ft 

[0 0 6 2 ] (1) MOCVDJBKrtKl-t^WT* 
MiAl, *«*H, *T««»BSRjl 0 5 0 e CtJa 

[0 06 3] (2) lfiM*fi5 0 0X*rH, 
GaN$/diAlNM777l^S$^So CCD££ 
7 7 7lOiSttG a Nr*titt2 5 0 A, A1N 
-C*fttf 5 0 0At*5 o 

[0 06 4] (3) «gatt**bl 0 2 0 B C*r± 
W\ nlGaNi«4/imggffiI^^ 

[0 06 5 ] (4) HCISWrnaAl,^ Ga 
0.9 NTSB^7 9 FJl*ttl ymffiiJ« ( 

[0 0 6 6 ] (5) SfijUt£tt8 0 OWTtft -/ 
>F-7 , S/ciiSi F-^I n.. a Ga 0 .. NrSttJf^: 
ft2 0 0 A©»»CflM3ttS. 

[0 06 7 ] (6) y>F-7'$/diSi F-7'In 

[0 06 8 ] (7) a«fflK*3Kil 0 2 o-c*r± 
tf, pSSAl,., Ga 0 . 9 N±«^^y FJl*ttl urn 



(6) 
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[0 0 6 9] (8) pSGaN^tj^jfiUm 

b. m&ug.zmi o 2 o e c^r±^^p^ocBs^i^ 

[0 0 7 0 ] $tcm&ZtltcV*^te1&T~-V># s 

1 ©^JSW £ Jiff #KC(5]— X& X(DmR*U 
[0 0 7 1 ] (fH4 0 1 1 {^mM(Om4 <D 

[0 0 7 2 ] H^^ML/T^HJfgWcfcWSa^^* 
Sl^n/cn^lilO, nIGaA s 
HSU. nIGaAs^*;7 7 I12, ngAU., 
Ga 0 . 2 A sTSP^^ y K® 1 3, rittll 2 0 , pS 

(MgF-^Al,., Ga 0 . 2 As±»^7?Fil 
7, ^iil8, pIGaAs + t^7ll9fcj:[>'p 
Sf««9K:J:0«Wc3h4. *fctStt»2 0ttHB6C» 20 
UtT^6^> F-7'Ga A sJi 1 4, />F-7'In 
a. 15 Gao.s 5 A s^r^ST-#FrS14Jil 5te«fcCXv> 

F-7'GaAs ^JSRSltJS 1 6 <Z>JBtC«Jl £ ti/cit^W 

[0 0 7 3 ] fSft»ifi^©x*jl/^U^;U%H 1 2 

* h" 'JV^77 -f-<h^X? hx^^>^tc<fc0«3 a 

[0 0 7 4] *^«CCfcWS{b^«J*»(*jWt*^tt 
MOCVDSiCj;DM^n^ 0 *JU6«K:*50ir»* 30 
iiUGaAs^ffll^n, I I lUktfxmt isX b 
(TMG) , h U ^^;UT^^ x^a 
(TMA ) fccfctfl- y^^;l/>f>^^A (TM I ) 

Vl^ii<!:Lt7;k» (AsH 3 ) ifimi** 
6*1, nSF-^Fgit/tSe^ plF-^>F 

[0 0 7 5 ] (.1) MOCVDSIfitCnSdO 
0) GaAslgl 14»Al, S«aiS*Sfo8 0 0-C 40 
£T±tfGaA s^yyjf 1 2£j&fi£#£ 0 G a A 
s^*^7rJi(7)«/?«0. 5/zmr*So 

[0 0 7 6 ] (2) HMItCCTnffiAl.., Ga... 

[0 0 7 7 ] (3) y>F-7lGaAsil4^ 

i o 0Aj5S;fi£i±£ o 

(4) »KiSg£ift6 3 0°CtCWr^> K-^I n 
a.i S Ga 0 . 85 A s 2>-r^S^#FrS14Ji 1 5^1 10 

Aon/?r>5;fi£i±£ 0 so 
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[0 07 8] (5) y> K-7*SGaA s3K%l9SuhJ| 
1 6«rttl 0 0A©»/rcJ5SfiS-a&. ttte3R»|»±Jl 

*«?ilirc**. r?cto%H i 3cc*jc»-c«jR«»±iitt 

g/cni $ittei>xtemmt5±Stez>-?&m j: F 
#F^Jio^fias<b«apDjas[rft?>jKj6 3o°c 

[0 0 7 9 ] (6) pKMgF-^) Al 0il Ga 
As±9^^9FI17*fil. 4 /umCDJUTCER 

[0 08 0] (7) P S(ZnF-y)GaAs*t 

[0 08 1] WiCDXfl^g/c^^^^L, fi£3fcCD& 

[0082] (*54>xittt) m5<Dm&mic*mx& 
m*<Dmmffimtm~x&&<Dxccx<DWiw%:miE2 

M«llli*M«WiUtAl 0 ., Ga 0 , 6 

[0 0 8 3 ] *llteW^fe^*<fc^^a»<**3t*^(D 

T (00 0 1 ) cI»6nSo *fc 1 1 I 
iltFMrWV^A (TMG) , Mjy^JUT^ 
^x^A (TMA) fcJctfh MfJW>^A (TM 
I) ^fflt^n, VM^IiL/tT^^T (N 
H 3 ) titm^htlZ. &tcnMF-^>\-mtLX*:S 
^7>(SiH 4 )^ paFwOFffiiltt'X^ 
^u^^^i^v^*^ a (Cp 2 Me) 1)K * 

[0 0 8 4 ] *LT*SatWc*5tf S{b*«J*»»«* 

•■^liJWToxBttfrjEJjats tis. 

[0 0 8 5 ] (1) MOCVD^IWct7 7>(7l 

s«js^h 2 ^-cssas^i o 5o°c 

[0 0 8 6 ] (2) l«S?:a5 0 0'C*rWG 
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? 7 7i©ISBG a Nt*htt 2 5 OA, AINtft 
ntf50 0AtW o 

[0 0 8 7 ] (3) *«flK*fil 0 2 0-C4-C±tf 
tnaGaNHI«»4 amBflD«fiS**. 

[00 8 8] (4) HClSiltnlAl,,! Ga 
... NT»*5 7 FHtHJVttl /im-CRSfiS^^ 

[0 0 8 9 ] (5) St£Sg££j8 0 0°CtCTCfT> 
>F-7^/diSi F — T7" I n o . 2 G a o . e NSttJi 

(J/diMlifcl^o ) *JBJW»2 0 0 AT/$fi£ 

[0 0 9 0 ] (6) IIpSAU., Ga 0 . 6 
Rf±JB*JSJEfi31**. ttfcCCDi*©*«iaK««j6 0 
0°C*p6#)9 0 O-COM'TffilcKUBRpIlfi'r**. /ci 

it«tt6oo-c. fasoca & 9 o o "cmzmtRfz 

[0 0 9 1 ] (7) S«fflfl[«rfil 0 2 0'C*r± 
tf, pfiAl,,, Ga 0 . s N±8B^ * F«*»*ftl 

[0 0 9 2] (8) pSGaN + t * 7"«*JiJ¥#J 1 
umCDffStcSEfiS^So afJBpSSA 1 o.4 Ga 0 . 6 N 

anBEr^tt. 1020 °c£r±tf ^Paicc 

[0 0 9 3 ] JHtigO?f^$n/c^x^tC^7 0 0°C 

tn, 4»ccrj»T^.-y>^tf&tons. »&tx-»j 

^^CCiOWBpSA l 0 .« Ga 0 . 6 N««|»±JM. p 
SAlo., Ga„. 9 N±SP^7^ Kifei^'pSGaN 

[0 0 9 4] 'XlCnMvmmZ&J&T&tc&tfC, nIG 
[0 0 9 5 ] ttteHli«OSl?H*tt»©J5RftCCMOC V 

[0 0 9 6 ] 3 6lc* 1 ^»e>»3 *sJ: V»5 (DSISfiWtc 

te^rifiiort^T^T (ooo l) cffi*JBi»* 

Ciilfc^ SKibTSiC, MgrCX ZnO£/c 

[0 0 9 7 ] $^^ 7 liLtil^n^I« 
<t**A 1 x Ga a _ x N (0<X< 1 ) teif©«t*fl§ 

[0 0 9 8 ] 3 6CC?gttfitt{fc*SCA 1 x Ga, I n z 
N (X + Y+Z= 1*OOSX • YS 1. 0<Z^1) 

[0 0 9 9 ] $ e>KT»*^? FB<t UnlAl, G 
at.: N (OiZil) tC<t"3*ffl3n4WR%fflti4 
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a,_ 2 N (O^Z^ 1 ) tCiO«RS3tiS^H€:ffl^S 

[0 10 0] S6tC»4<DlU6«|tc*JW4>>F-^ga 
GaAsIl 4«t^fiilt^> F-^A 1 * 
Gn a ., As (0SXS1) CC±0*«SnSM*« 
lt5Ct*sr*, ^>F-7 , In 0 . 15 Ga 0 ., 5 As!> 

In ¥ Ga a _ v As ( 0<y ^ 1 ) C £#nj«& 

-C&£ 0 3 6CC»4(DSIif6fi?!ltC*5(,iT^»B5il:«<bO"r 
10 pIA! x Ga,., As ( 0 ^ X ^ 1 ) iC<£ r>fl| ft 

[0101] 

[¥tw<D$m] m&m 1 5 co^Tn^HcfBtg^h^ 

gtf&m&ojmt Is* SI© I n*dt*«14Jl (Jfc^Jf ) 
[0102] g»*S6^^8©(ri-rn^KlfStS0D{fc^«9 

<fc ffittJi CD^ffi ^ MttT ^Ci *JpJffi i tt £ . 

[0®cDffiJ|ifci#iJ3] 

[12] l CD*t6«6c*jWS^fc^tt^aM** 

[0 3] ^t^^ftftjtsR^oiiJtxsffi^^raf 1 © 

30 H~C£>£ 0 

[04] <b^^#»*3R^©«JtXS**-r*2© 
0T'£>£ O 

[H5] <t&wmm&^m*<bm&JM*:7jk?m3 <o 

0T'&£., 

[0 6] {t^*a»*a**^ ©«jftxs**r»4 o 

[07] {fc^^#«*3R^.©«JftXg«:^-rSI5CD 
0T*£>£ e 

[0 8 ] *§m<D—mnmtetovz>myt*t4*- v<om 

40 3»rffiiar*io 

[09] *mji<Dm2<DmMmictovz>it&m¥mt*§z 
[010] *mw<Dm3<Dmmmictotfzit^¥mw 

[011] *«WO»4<DiaSffi|K:*5W-5¥«ftU--1f 

FO«S»fffiia-C*6 0 
[012] 01 HC*j»5rSttJlia«©x*;u^u^ 
^^•T0*C*)^> o 

[01 3] 01 1<DU- !f ^*-F«r«j6-r*agCC 
50 fct^iSg7'D7 7 Jfo^Tn-rm 1 CD0r&£ o 
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[Hi 4] hi tf^-Ysf— Fswjt-raiftecc 

[si 5] ii i©u— !fy^*-F*«»-r*iaBi«: 
few ^si^p v y a fo&Tjk-rm 3 oar* s. 
[sib] t^cjMb^w^^ft^-T-oBjiiaccfc 

[^#<DSftBJ] 

1 iryr^r (oooi) S*g 

2 G a N&tc&A 1 N'* > V r B 

3 n^GaNB 

4 nSAl z Ga,. z N (O^Z^l) TSB*^ v F 

b 

5 non-doped^ /ctt S i F-^In, G a 

n (o<v^ i ) xmm (ztcte^ytm) 

6 ilp!Al x Ga w N (OSXS 1 ) XABGUk 
B 

7 piAl z Ga w N (0£Z£ 1) ±BB*^* F* 

[01 ] 



*B 

8 pSGaN + f^i 



^^8-2 9 3 64 3 
14 



1 0 nl 

1 1 niGaAslS 

1 2 niGaA s><*7 tB 

13 nSAU Ga w As (O^Z^l)TSP^ 
? FB 

14 ^F-^AUGa,., As (OSXSl)i 
10 15 ^ > F — :/ 1 n y Ga,. Y As ( 0 < 1 ) Z> 

16 pIA1 x Ga^, As (OSXS 1 ) JKM!S± 
B 

17 pMAIz Ga w As (0^Z^1)±SB^5 
v FB 

1 8 KMM 

19 pSGaAs + t^B 

2 0 St*® 



[02] 



[03] 




■PS 



undoped-lnGcN 



*3!020*C 



J*J800°C 



p^AfGoN 



-3 

^2 



[06] 



[07] 



[04] [05] 



nm^S - 2 9 3 6 4 3 



[B8] 




[H9] 



ML 



undoped- InGoN 
£)I020°C 



fteoo-c 

5»» 



Ct&P£ AIGON 



[010] 



[011] 



MhGON 

fl * AIGON _ P^AIGaN 



fcj!020*C 



JM°1?AIGaN 




1 2] 



[HI 3] 



N^LAIGaAs 



pSAIGaAs 



Y 
A 

I 



14 



nondopod-AIGaAsS LI n 

t 



nondoped-AlGaAsA 
16 



15 



AIGoAs 

fteocc 



undoped -to GcAs 



P^AlGoAs 



5£imdopedAIGoAfifr ^% undoped AJGaAs 



14] 



ft 800° C 



undoped- InGa As 



1 



p^J AIGoAs _ 



— '\ 

' undoped AJGoAs 

undoped AIGo As if *W?0J| 
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[015] 



undoped-lrGoAs 
*)800»C f 



AlGoAs 



A] Gate 



17] 




1 6] 



undoped-lfljGaN 
n«AIG<*j ifcfcJKfcfe*) pVAlGaN _ 



**JI020»C 



In 4 8|ft 
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[&frB] ¥f£l 3^9^70 (2 0 0 1. 9. 7) 

[&HS#-5f] #H¥8 - 2 9 3 6 4 3 

[&HB] ¥J«8*P1 1^5B (1 9 96. 11. 5) 

- 2 9 3 7 
[ffiB»**3 1WP7 - 9 8 6 3 3 
[a^f^»^7fiS] 

HOIS 5/30 

H01L 33/00 
[F I ] 

HOIS 3/18 

H01L 33/00 C 



[JSffiB] ¥i5l 2^1 0^2 7 B (2 0 0 0. 1 0. 
2 7 ) 

i&ms. i ] 

[MiE*f*«H*] HAH* 
[*tBiiE2] 

^tfA 1 GaNXtil n^GaNatti^, pgj 
SBA l,Ga,.,N (Qgzgl) ^7?Flt, StHb 
^^^^T-r-^-p-C, TjasBygtt»£liiHEpgjLb 
U^^v F Borate A l,Ga,-,N (O^xgl)M 

m30g2 ] Bute p SLkas? g Fajbfc P MG a N 
± + y7'§^ix.. jjijgBA l,Ga,.,N (0 gxg 1 ) 

[I»JJ3B3] fTSB±SPpM^7 FJg<bffi[gBA KG 
a-,.,N (Qgxg 1 ) m\Xm.*WV£W8.<F)mt£Z>Z 

jL*w&b?z>njm\ s/ctt2tciBtsg>-fb^^tf 

[11*314 ] ffffBA l,Ga,.,N ( 0 £ x £ 1 ) g 

a. map. p <p h » » ^ ? FHKPBSgafltj: 9 <s<r>ag-c 

[19*55 ] MSB A I.Ga^.N (0^x^l)§ 



miEM^mm^: mmm 
imiEM$.mm%) oou 

mm*}®] 

[0014] 

^t? A 1 GaNXtt 1 n£#trGaN?St$)g<?;, pSLh 
SBA 1 ,Ga,.,N (O^z^l) Zvv h'mt. Stsit 

FBCreltCA l,Ga..,N (Qgxgl) J§>Sr 

[#^«iE4] 

[»iiE*t*»»«] Bnmm 
[ffiiEttmmm&i 0015 

[fitiErtS] 

[0015] »*«2 KIBtt©{fc^Bl*#W**^-tt. If 

8B»-7? FJ = BCp^Ga L N±±L^L2M±Mj^ B?iBA 
1,Ga,..N (OSx^l) gapMrfe-SC^^M 

l&miEb ] 
[*»iE*t«WB«] HJifffl* 
[*BiE*MM?B«] 0 0 16 

[ttiElW 

[0016] mmm3t r cim<Dit'&<®}¥mte¥kftm? 
t* . 1 g tctt 2 {cagoftt^^^%jfeg£r 

tot, ±SPpM^5 ? FH^MIBA 1 ,Ga,..N (0 



[0017] S»#^4tC8Btt©ft^^f*lfe#5R^. 
jlcf^t$>ot, filBA l,Ga,.,N (Qgxgl)l 

a. Bine p subsist ^ v Kjf cPBRgas&T-cj&gg n 

[^ffiiiE7] 

[*iIE*^.JIg£] 0 0 18 

[0018] it^Ji 5 icmmoit^m^mwmtm^- 

mi§5A l.Ga.-N (OJjcJJJ U te, fufEtSttJICD 

fi£SSiSli(±-e^6 $ titcm-eb z> c t 1 1 •£» t> 

[^«JE8] 
[ffiJBtt&S^] Bj^fl* 
[*|jE2t£UIig£] 0 0 19 
[ffliE^a] l» 
[f^lfiuE9] 
[«IE*t^»!®«] Bj*fg 
imiEttMimEZ) 0 02 0 
[ffiiE^] BURfc 
[#sf£*iIE 1 0 ] 
[ffiiE^S^«] Bjifas 

[mmziMimmzi 0021 

[ffiiE^] l» 

[#£a«iEi i ] 

[*BlE*tmS?S:S] Bjffl# 
[ffiiE^fflg«] 0 02 2 
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[ffijE^ffi] §£H 

[ffiiEl*!^] 

[0022] 

#&ltm^-lt, St$)j±K: A ] ,Ga...N (O^x^ 
1 ) Jj £ffix&. CO Al,Ga,.,N (Qgxgl) H 

[#MffisIE 1 2 ] 
[ffiiES^W!^] B^fflS 

[ffijEMmmsz] 0023 

[^ffliEl 3 ] 

[ffijmmwmzi mmm 

[*fIE#tfUSg£] 0 02 4 
[filE^S] 
[^fcS*f JE 1 4 ] 
[liiE^mS®«] BjjfflS 
[*iE>i+^rag^] 0 02 5 

[3M£*iIEl 5] 

iffijEtt&wm&'i mmm 
[tfjBtfsme^] oioi 

[*SjE^&] §£Jg 

[ffiiEl^S] 

[0101] 

[f6BJ©^] 1 fr(b5<D^-?tlMcim<DitiS 

wmmte&ytm+ic, a i»Ga,.,N (osx^d ji 

#6;>fc*^£ MST £ C <t ifi oJf& i ft £ . 
[#M«iE 1 6 ] 
[ffiiE»m»««] B^fflS 
[ffliBFtmilgS] 0 10 2 
[ffiiE^S] Um 



-m 2- 



